Summary: Between 1985 and 1989, a total of 3,121 
INTRODUCTION
Rift Valley fever (RVF) is endemic and enzootic in many parts of Africa (18, 21) . Outbreaks of the disease have been reported in most countries in Southern and Eastern Africa (19, 27 ). An extensive RVF epidemic, the most devastating thus far, occurred in the south-eastern region of the Nile delta in Egypt during the last quarter of 1977 and in early 1978 (8, 11, 12) . This outbreak provoked unprecedented human disease and severe mortality (1, 7) . The RVF virus (RFVF) and antibodies to RVF have also been reported in many other countries of Africa south of the Sahara (18, 27) .
Outbreaks of RVF involving human and animal populations have been reported in the West African countries of Mali, Senegal, Gambia, Côte d'Ivoire (15) and Mauritania (25) . These reports were the first from the West African sub-region and served as an indication of the geographical spread or endemicity of the virus in Africa.
Although there has been no report of the presence of RVF in Nigeria, virological and serological evidence indicates that the virus is circulating in the country (4, 9, 23, 24) . The existence of predisposing factors for a possible severe outbreak of RVF in Nigeria was highlighted by Tomori (23) . Furthermore, outbreaks of the disease in many other West African countries indicate the need for a reassessment of the RVFV status in Nigeria.
This study was therefore designed to define further the focal distribution, prevalence and intensity of activity of the virus, and to identify high-risk geographical areas for non-immune people.
MATERIALS AND METHODS

Study areas and subjects
The prevalence of antibodies to RVFV in humans was studied in six vegetational zones of Nigeria, namely: swamp forest, rain forest, derived savannah, Guinea savannah, Sudan savannah and the plateau area (Fig. 1) . No particular method of statistical sampling was adopted for selecting the locations. However, deliberate efforts were made to collect samples from each of these six ecological zones. Subjects were volunteers from the general population, as well as those working in close contact with animals, including livestock farmers (city dwellers who work on farms) and cattle rearers (who live and work with their animals). People working in forested areas who were at high risk of exposure to sylvatic vectors were also surveyed. Other voluntary participants in the study included health workers (i.e. nurses, doctors and laboratory technicians), school teachers, office clerks and traders.
Samples for a retrospective study
Blood samples were collected by venepuncture from 3,121 individuals resident in Nigeria from 1985 to 1989. The samples were allowed to clot at room temperature and transferred to a refrigerator at 4°C in the laboratory within 30 min of collection, or transported from field trips to the laboratory in cold boxes with ice packs. Serum was separated from clotted blood by centrifugation at 1,500 g for 10 min. Sera were stored at -20°C until tested.
Samples for a prospective study
Human sentinel studies were conducted during the wet and dry seasons of 1988 to monitor the activity of RVFV in the area under study. Febrile children attending the Outpatient Clinic of the University College Hospital in Ibadan were enrolled in the study. Blood samples were obtained on first attendance at the clinic and three weeks later. Blood was collected by finger prick and absorption onto filter paper disc and processed as described by Jouan et al. (6) and Rovozzo (16) . Elution was performed in borate saline, and non-specific agglutinins were removed by kaolin treatment and adsorption with packed, goose red blood cells to give a final concentration of 1:10 of serum. Sera were tested within two days of treatment. 
Serological test
Virus used
The Zinga isolate of RVFV (Dakar В., 1976) was used for this study. The virus was obtained as a lyophilised preparation of 10% mouse brain material at the third mouse brain passage. The virus was reconstituted with 0.5 ml phosphate-buffered saline (PBS) and inoculated at a dilution of 10% into suckling baby mice by the intracerebral route. Stock virus was prepared from the fifth mouse brain passage. Identity of the viras was confirmed by the complement fixation test as modified by Sever (17) , using rabbit RVFV antibody and human RVFV-positive sera.
Haemagglutination-inhibition test
The haemagglutination-inhibition (HI) test was conducted using the technique of Clarke and Casals (2) . Sucrose acetone-extracted antigen used for the test was prepared with the sixth mouse brain passage of the Zinga isolate. Sera were adsorbed in a slurry of 25% kaolin, and non-specific agglutinins were removed from kaolintreated samples with 0.5 ml 50% packed, goose red blood cells per 1 ml of each sample.
Treated samples were tested initially at a concentration of 1:10 using eight haemagglutinating (HA) units of the antigen. Antibody titre was recorded as the reciprocal of the highest serum dilution causing complete inhibition of haemagglutination. Samples which gave a positive response to the HI test were kept in sterile plastic tubes at -20°C until titrated for end-point antibody titres. A four-fold rise or more in HI antibody titre between acute and convalescent samples was regarded as seroconversion to RVFV by the patient.
Plaque reduction neutralisation test
All sera which gave positive results in the HI test and a limited number of randomly selected negative sera were tested for antibody specificity to RVFV by the plaque reduction neutralisation test (PRNT). This test was performed in a maximum containment laboratory at the Institute for Tropical Medicine and Hygiene in Hamburg, Germany.
Vero E6 cell cultures were used for plaque assay and the PRNT. Tissue culture stock virus was prepared as described by Obijeski and Murphy (14) . Aliquots of the supernatant of tissue culture-adapted RVFV were prepared and frozen at -70°C until used. The titre of the stock viras was 7.5 log 10 TCID 50 (median tissue culture infective dose) per 0.2 ml.
Plaque titration of the stock virus and PRNT were carried out as described by Rovozzo (16) . The plaquing titre medium was composed of two overlays. The first overlay medium consisted of 7% heat-inactivated calf serum in Eagle's basal medium with Earle's salts and N-2-hydroxyefhyl piperazine-N'-2-ethanesulfonic acid (HEPES) buffer, in addition to antibiotics, fungizone and 0.75% agarose. The second overlay also contained neutral red (1:10,000). Both overlays were autoclaved for 10 min at 15 lbs pressure. The calf serum and antibiotics were added before use with syringeadapted 0.22 µm filters. Incubation took place at 35°C in 5% carbon dioxide (C0 2 ). Sera for PRNT were diluted at 1:10 with medium 199, inactivated at 56°C for 30 min and assayed only at that dilution. A virus suspension containing an estimated 80 to 100 plaque-forming units (PFU) per 0.05 ml prepared in medium 199 was used for PRNT. Eighty percent or more reduction of plaque (PRNT 80 ) was considered as evidence of RVFV neutralisation by the test sample.
Solid-phase immunosorbent technique for detection of immunoglobulin M antibody
The solid-phase immunosorbent technique, described by Soliman et al. (22) , was used to test for immunoglobulin M (IgM) antibody in all sera which were positive by HI and PRNT. Sucrose acetone-extracted RVFV antigen was used for this test. Positive human RVFV sera were included in the test as positive controls, while some of the HI and PRNT-negative sera were included as negative controls. Affinity-purified goat anti-human IgM (µ chain) was obtained commercially. Pre-titrated capture antibody was diluted 1:2,000 in carbonate-bicarbonate buffer, pH 9.6. Sera were tested in duplicate at a dilution of 1:20 in 0.4% bovine albumin borate saline (BABS).
Statistical analysis
The proportion of positive sera in each group was calculated as a percentage and analysis of variance was used to compare the differences observed between the zones and the years. A value of P < 0.05 was considered to be significant (20) . Table I shows the prevalence of RVFV HI and neutralising (NT) antibodies in sera from different age groups of the population. The total number of Hi-positive sera was 461 (14.8%), 390 (84.6%) of which contained NT antibody to RVFV. The prevalence of RVFV HI antibody was slightly higher in adults 30 years and older than in younger age groups of the population (Table I ). In addition, more sera with high titres were found in adults (data not shown). The highest and lowest prevalence of RVFV HI antibody were found in the Sudan savannah (31.2%) and Guinea savannah (6.7%), respectively. There was no significant difference in the prevalence of RVFV antibody among the vegetational zones (Table II) .
RESULTS
Retrospective survey
A comparison of RVFV HI and NT antibodies in selected occupational groups and in the general population is shown in Table III antibody prevalence was significantly higher among livestock farmers and butchers than among the general population. In Oyo, where wildlife rangers were examined, all individuals who were positive had high HI antibody titres and also tested positive for NT antibodies. In addition, the prevalence of both HI and NT antibodies among this group was significantly higher (P < 0.05) than among the general population. Cattle rearers tested at Maiduguri also demonstrated significantly (P < 0.05) higher prevalence of RVFV HI and NT antibodies than the general population.
A sex distribution analysis of all positive sera in the six ecological zones showed no significant (P > 0.05) difference between the male and female individuals tested (data not shown).
Detection
of virus-specific immunoglobulin M in sera testing positive in haemagglutination-inhibition and plaque reduction neutralisation tests
Of 461 sera tested for RVFV-specific IgM, 107 (23.2%) gave positive results (Table II) . The highest incidence of RVFV infection was found in the Sudan savannah, with a higher number of sera containing RVFV IgM recorded in Maiduguri than in Sokoto. The positive rate varied from one location to another within each ecological zone and between different zones. Analysis of data based on the year of sera collection showed that the virus was active in Nigeria from 1985 to 1989.
IgM positivity among different occupational groups in various locations is shown in Table III . The results demonstrate a significantly higher level of RVFV antibodies among livestock workers and wildlife rangers than among the general population. The highest prevalence of antibodies was found among cattle rearers in Maiduguri.
Prospective survey
The haemagglutination-inhibition test was performed on a total of 164 paired sera, obtained from children showing fever and aged between six months and ten years at the University College Hospital in Ibadan. Eleven children (6.7%) gave positive results. Seroconversion was demonstrated in 6 of 115 paired sera (5.2%) collected during the wet season, whereas only 2 of 49 (4.1%) paired sera showed seroconversion during the dry season. The ages of the children who seroconverted ranged from fourteen months to eight years. The HI antibody titres ranged from 10 to 80 for acute sera and from 40 to 640 for convalescent sera.
DISCUSSION
RVFV antibodies have been detected in human sera in Nigeria by previous investigators (5, 23, 24) . Studies in other parts of West Africa also indicate active circulation of the virus in the region (3, 15, 25) . This study, which was carried out from 1985 to 1989, showed that RVFV infection is widespread in Nigeria. A high percentage of antibodies to RVFV was found in almost all locations where blood samples were collected (Table I) . Detection of specific RVFV IgM in human sera also indicated active circulation of the virus in those locations during the period of this study.
This study, performed in thirty-one locations, is the largest of such projects for evaluating the activity of the virus in the country. Earlier reports were based on examination of sera from limited areas of the country. Results of the current study showed an overall prevalence of infection of 14.8% by HI, of which 84.6% of sera demonstrated neutralising antibodies. This rate is higher than in previous reports in which a prevalence of 6.8% in 2,223 human sera was noted by Tomori (23), and 2.5% seropositive results from 1,667 human sera from different locations in Nigeria, using a combination of immunofluorescence and PRNT (24) . The higher antibody prevalence revealed in this study may be related to increasing RVFV activity in the country. However, perhaps a more plausible reason is the presence in this study of a greater number of livestock workers and wildlife rangers. The occupational groups from which sera were obtained in earlier studies were not stated.
The highest prevalence of RVFV antibodies was detected in the Sudan savannah. The two locations in this zone from which sera were collected are livestock-raising areas, where more frequent and close contact between humans and domestic animals might be expected. Furthermore, there is extensive movement of animals into the country from North and East African countries via the trans-Sahara route. It is therefore possible that infected animals, especially from RVF-endemic countries, are introduced into Nigeria through Maiduguri. This may provide an explanation for the very high RVFV antibody prevalence found in the Sudan savannah zone. The ecology of the Sudan savannah also favours breeding of mosquitoes which may enhance transmission of the virus in the area. Farmers in the Sudan savannah usually save water in small dams, constructed in many areas at the beginning of the wet season. According to Mcintosh and Jupp (10) , this practice favours breeding of mosquitoes and consequently promotes the spread of RVFV. A relatively high prevalence of RVFV antibodies was also found in the derived savannah zone.
The reason for a significantly high antibody prevalence to RVFV in Lagos is not known, especially because the possibility of infection through animal contact should be low in the city. Another noteworthy observation is the wide variation between the HI and PRNT results of sera tested from Lagos. Of 45 sera that were positive by HI, only 27 were confirmed positive by PRNT. This finding suggests that another virus which is serologically related to RVFV may be circulating in the area. Although there were sera which gave positive results to the HI test and a negative response to the PRNT in other zones, such a difference was most significant in sera from Lagos. The fact that the lowest antibody prevalence of RVFV was found in the Guinea savannah zone concurs with an earlier report of Joannis who, using the immunofluorescence technique, confirmed 4.1% and 4.0% seropositivity at Abuja and New Bussa, respectively (5).
The prevalence of RVFV antibodies was significantly higher among workers involved with livestock than in the general population (Table III) . This observation supports the claim by previous researchers that transmission to livestock workers occurs through direct contact with infected animals (11, 12, 13, 18) . Another interesting finding is the high prevalence of neutralising antibody (64.6%) among wildlife rangers in one location in derived savannah. This group of people visit the forest frequently for game conservation purposes. The result suggests a common and continuing source of exposure to RVFV, which probably occurs in the forest. Such a conclusion is supported by isolation of the virus in association with forest and grassland from Eretmapodites species and Aedes caballus, Culex theileri and Aedes circumluteolus in South Africa (7) . Similarly, in one rural community, where the only domestic animals kept were dogs, RVFV antibodies were found in young children aged less than six years. The children were reported not to have travelled out of the area since birth. This finding shows that other strains of the virus not related to domestic animals probably exist in the jungle, and also indicates other means of transmission (e.g. oral infection) apart from arthropod vectors.
A longitudinal study of 164 febrile patients in Ibadan provided further serological confirmation of RVFV during 1988. The study covered both wet and dry seasons in the area. There was greater RVFV activity during the wet season than during the dry season, presumably due to an increase in the vector population. Although the exact conditions which nurture the spread of RVF have not been clearly defined, excessively heavy seasonal rain, particularly after prolonged periods of drought, are a constant and significant factor in areas where epizootics and epidemics have been reported (7, 26) .
Tests of RVF-positive sera for specific IgM to the virus provided strong evidence that the infection had occurred in the study area. The presence of IgM antibodies in sera collected between 1985 and 1989 suggested continuous virus circulation in different parts of the country. However, it is noteworthy that there were more IgM positive sera among livestock workers than among the general population. Similarly, the number of wildlife rangers possessing RVF IgM was significantly higher than that of the general population in the same community. This finding also supports the earlier suggestion of a possible forest cycle of RVF. A similar observation in Nigeria was reported by Joannis (5), who found a higher prevalence of RVFV antibodies in sera collected from Kainji Lake workers than in sera from other residents of the same community, Wawa. All subjects who tested positive were male forest and game wardens and drivers who frequently enter the forest reserve. An entomological investigation conducted in the area during the period of the study showed the presence of Culex and Anopheles species of mosquito in the reserve (5) . The role of these mosquito species in the epidemiology of RVF in the forest needs to be investigated further, as RVFV has been isolated from Culex, Mansonia and Anopheles 
